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ABSTRACT

prising a hydrocarbon liquid which has a solidification

 or pour point not greater than 0° F. and a saturated or
~ unsaturated fatty amd having from about 10 to about 18
_carbon atoms.

| 14. Claims, Ne Draivings_



1

METHOD OF REDUCING THE STRENGTH OF
ADHESION OF SOLID PARTICULATE |
'MATERIALS TO METAL SURFACES |

BACKGROUND OF THE INVENTION
ThlS 1nventton is dlreeted to reduelng the strength of

‘adhesion of solid particulate materials, such as, for ex-
-ample coal, to metal surfaces under freezing conditions

causing ice formatton between the matertals and metal .
In particular, this invention is directed to coatlng metal

4,339,338

2.'
and then ‘emptied. Lastly, the patent states that the coal
was readily emptied from' the hopper car without any

mechanlcal or. other means betng needed to unload the

However, at low- temperatures sueh an-emulsion has
a tendency to separate into a water and an 011 phase and
thus become ineffective. e

Thus, there exists a need for a material which will

- coat the metal surfaces of a container so that the adhe-

10

surfaees such as the sides and’ bottoms of contalners for

storing or transporting coal, such as hopper cars, witha

* sion of moist coal to the metal surfaces will be minimal

under water freezmg condlttons so that the coal can be

‘emptied from the container w1thout the use of mechani-

- cal means or w1thout the use of thermal heaters o

mixture comprising a particular hydroearbon hquld and

- fatty acid which prevents moist coal from adhermg to
. the sides or bottoms of said contalners under low tem-
perature (i.e., freeZing) conditions. ' Lo

o -'-_--_'freeze when the surfaces are wet and under freezing
- conditions. to the metal surfaces of the containers which

- areused to store or transport them, such as hopper cars.
- Itis very difficult to remove the coal from the contain- ..

~ers under these conditions. Mechanical means must be -
~used to free the coal. Howéver, this is time consuming
~and may cause damage to the car, as for example which

- the sides of the car are hammered in an attempt to free |

~the coal. |

-+ The lndustry has attempted to solve thlS problem by |
~ various techntques such as by heating the hopper carsin
“sheds using thermal heaters. However, besides being

5

- THE INVENTION

ThIS IHVEHUOI] 1s dlrected to a method for reducmg_ ‘

~ the strength of adhesion of solid particulate materials to
Solid partloulate materials, such as coal, are known to

~ metal surfaces as occurs under water freezing condi-

20
- solid particulate material with a mixture comprising a

'hydrocarbon liquid which has a solidification or . pour
point.not greater than 0° F..and a saturated or unsatu- .
rated. fatty. amd havmg frorn about 10 to: about 18 ear- |

25
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time consuming and expensive in the energy required to

- operate the heaters, the heat generated by the thermal

heaters can cause damage to the hopper car by, for
'example, weakenlngL or melting the pneumattc lines if
. '_the heat is not carefully contro]led | -

In order to avoid the dlsadvantages oecasroned by

heatlng the cars, the surfaces of the cars which come in
‘contact with moist coal under freezing conditions have o
‘been coated with hydrocarbon liquids, such as fuel oils.

However, this ‘technique is not effective in reducrng the

~ strength of adhesion of the frozen coal to’ the metal o

- surfaces which they are in contact with. |

. U.S. Pat. No. 3,794,472, issued Feb. 26, 1974 de- o

“scribes that coal particles are prevented from freezmg'

'together and/or to the surfaces of coal storage contain-

- ers by coating either the coal particles and/or the sur-

faces of said" storage containers with a-thin’ ﬁlm of'a’
~composition comprising ‘a ‘hydrocarbon liquid *which _.
- has emulsified therewith from 5 to 75%: by wetght of an"

‘aqueous solution of a polyhydrle alcohol. 3
~ The sole formulation in the patent is descrtbed as-

35

tions by coating the metal surface in contact with the

bon.atoms. . -. . | _
. The metal surfaee(s) of the contamer whlch wﬂl be in
contact with the moist coal is coated with the aforede-

- fined- mixture. The  metal surface of the container is

generally steel; aluminum, etc. The container is used to

store or tranSport the coal and 1s generally a hopper. |

type coal car. |
“The hydrocarbon Irqutd sultable for use in thlS inven-

tion is sélected. from one or more liquid aliphatic, aro-
matic and/or naphthenic hydrocarbons which have a

solidification or pour point at not greater than 0° F.

- These liquids include No. 2 fuel oil, diesel oil, kerosene,

. turbo fuel, and the hke Mlxtures of hydroearbon llqurdsJ

0

containing the following ingredients: 50 percent by

weight of Fuel oil—#2 Diesel, 24 percent by weight of

N ethylene glycol, 24 percent by weight of water and 2 -

percent by weight of an. emulsifier which is a 50:50
weight blend of nonylphenol reacted with 9 moles of .
ethyleneomde and pentaerythrltol etherlﬁed w1th oleic
acid. -

4._5 - to.about 95, preferably from about 75 to. about 90
weight percent of hydrocarbon liguid and from abouit 5
" to about 73, preferably - from about 10 to  about 25
.werght pereent of the saturated or unsaturated fatty

50 .' | acid.

may also be used

The saturated or unsaturated fatty aelds sultable for |

use herein contain from about 10 to.about 18 carbon |
atoms. The: preferred acids include oleic and linoleic

- acids beoause of their. low meltmg polnt and low water, -
| _solubthtles | o

The mrxture of thts 1nventton contalns from- about 25

The metal surface is coated w1th about one gallon per

500 square feet of metal surface, of the mixture of this
. invention. Larger or smaller amounts ' can be employed

_. dependtng upon the type of surface coated. If the metal

55',__ surface is rusted and pttted amounts of the mixture as

high as about 2 gallons per 500 square feet of metal

- surface may be required. However, if the metal surface

. In eolumn 3, of this patent there is descrtbed that
_ coal particles being. dropped from a storage hopper into

- astandard hopper type coal car are sprayed with sucha

-eomposmon Also, the patent states that prior to spray--.

60

ing the coal, the inside surfaces of the. hopper:car had

been sprayed with 3 gallons of the composition. After

the coal was loaded into the hopper car, the outside
‘temperature was determined to be 20° F. The patent
then states that the coal in the hopper car was, trans-
: ported to an unloadtng s1te, allowed 10 stand for a day_

65

is smooth, the mixture may be used in amounts of about
0.5 gallons. per 500 square feet of metal surface. -

The metal surface of the contatner may be coated
with thé mixture of thrs invention by, for example,

spraying the desired amount of the mixture onto the
'-metal surface prior to loading the eontatner

EXAMPLES

“The followmg examples serve to gwe spemﬁc 111us-.

| tratlons of the practlce of this invention but they are not

- mtended 1mn any ‘way to. hrmt the: scope of thls 1nventton

-~
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3 .
PREPARATION AND TESTING OF SPECIMENS

Wet coal samples are frozen to treated and untreated,
clean as well as heavily rusted carbon steel plates. The

frozen coal specimens are held stationary and, by means
of a mechanical tester, the force required to shear the
plates from the frozen coal i1s measured and recorded.

The coal employed was minus 30 U.S. mesh (passed
30 U.S. mesh screen; 595 micron mesh) Eastern bitumi-
nous type coal. The surface and inherent moisture con-

tent of the coal is measured according to the procedure
described in ASTM- Method D-3302-74.

Carbon steel plates  inch thick and 4Xx4 inches

square are degreased by soaking in toluene for one hour
~and rinsing with acetone. The steel,is activated and
cleaned by soaking the plates in a 10% by weight hy-
drochloric acid solution for one hour. The plates are

rinséd with water and then with acetone. The plates are -

polished with a steel wire brush. These “‘clean” steel
plates are ready for testing. The “rusted” steel plates are
prepared by degreasing and soaking in the hydrochloric
acid solution as described above. The plates are rinsed
with water and suspended in an air sparged salt water
bath (approximately 1000 parts per million of sodium
chloride) for 24 hours. The plates are carefully rinsed
with water and air dried. The p]ates exhibit a heavy red
rust (FexO3). '

‘The mixture to be tested 1s applied to the steel plate to
be tested (either *‘clean” or “rusted” steel plates) with a
“one-inch wide paint brush and the amount of the mix-
ture applied is determined by measuring the weight gain
of the plate. The following equation approximates the
application rate in gallons based on a 100 ton hopper rail
car (about 1500 ft? of metal surface area to be treated):

- (0.3964 XB)/(4X G)

wherein R is the appllcatton rate in gallons/1500 ft.2; B
1s the grams of mixture applied per test plate; A i1s the
area of the test plate (ft.2) and G is the specific gravity
of the testing mixture.

A cylindrical poly(vinyl chloride) pipe 4 inches long
and 23 inches in diameter (SCH 40 PVC pipe) is placed
onto the center of the steel plate treated with the mix-
ture, as previously described, and secured with rubber
bands. Grooves are cut (approximately § inch wide and
'3 inch deep) into the upper lip of the pipe to prevent the
rubber bands from shipping during handling.

A 150 gram sample of the dried coal, to which 50
grams of water has been added to adjust its moisture
content to 25 percent, is placed into the cylinder. A
13.635 pound steel weight (6,185 grams) having an out-
side diameter of 2.40 inches is inserted into the top of
the cylinder to compress the coal.

The assembly i1s placed on a laboratory shaker and
vibrated for 30 seconds. The 6,185 gram weight 1s de-
signed to simulate the compressive forces exerted on the
bottom of a coal car by a column of coal eight-feet high

(2.778 psi).
~ The top of the cylinder is sealed with a Number 13
rubber stopper, to prevent moisture loss, and the assem-
bly is placed in a mechanical freezer operating at
10°+2° F. for 18-24 hours.

The assembly ts removed from the freezer, the rubber
bands cut, and the assembly is placed on a holder which
is 33 inches wide, 3 inches high, 6-5/32 inches long,

wherein the top half of the holder is cut into a half circle’

of 1-7/16 inches deep to accommodate the shape of the
cylindrical pipe. A 5/32 inch groove is cit to a depth of
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4
25 inches three inches from the edge of the side. The
holder sits on a steel platen which is connected to the
load cell (4,500 kg) of an Instron Model TTC physical
testing machine.

The platen, holder and specimen are all enclosed 1n a
cold box, fabricated around the load cell, which main-
tains the specimen temperature at 10°=4" F. during
testing. An insulated driver (a 2 X4 X 12 inch wooden
block) 1s placed between the top edge of the steel plate
and the Instron’s upper platen, which i1s connected to a
moveable crosshead, and the crosshead is lowered by an
electric drive at a constant rate of 2.5 inches (6.35 cm)
per minute. The pounds force required to shear the
plate from the frozen coal i1s recorded. The correspond-
ing adhesive strength i1s converted to pounds per square
inch units by dividing by the contact area between the
coal and the plate which is 4.784 square inches for the
samples used herein, according to the following equa-

tion:

Adhesive Strength(psi) =Force(pou nds)/ 4.?34(in2)

~In the fo]lowing Controls and Examples, “rusted”
steel prepared, as described above, was used as the test
specimen.

CONTROL A

A 4X4X 3 inch “rusted” steel plate was prepared and
tested as described in the Preparation and Testing of
Specitmens, supra. The surface of the steel plate was not
treated with any additive.

The adhesive strength is set forth in Table 1. The
nnumerical value of the adhesive strength is the average
of the number of specimens tested and is set forth in

Table L.
CONTROL B

The procedure of Control A was exactly repeated
except that the steel plates were treated with 3. 4
grams/ft.2 of kerosene.

The results are shown in Table I.

EXAMPLE 1

The procedure of Control A was exactly repeated |
except that the steel plates were treated with 5.4
grams/ft.2 of a mixture of 90 percent of kerosene and

10% of oleic acid.
The results are shown in Table 1.

EXAMPLE 2

The procedure of Control A was exactly repeated
except that the steel plates were treated with 5.4
grams/ft.2 of a mixture of 85 percent of kerosene and
15% of oleic acid.

The results are shown in Table I.

EXAMPLE 3

The procedure of Control A was exactly repeated
except that the steel plates were treated with 5.4
grams/ft.2 of a mixture of 80 percent of kerosene and 20
percent of oleic acid.

The results are shown in Table I.

EXAMPLE 4

The procedure of Control A was exactly repeated
except that the steel plates were treated with 5.4



. S
ﬁ grams/ft.2 of a mixture of 75 percent of kerosene and 25
percent of oleic acid.

The results are shown in Table I

The data in Table I show that the mixtures of thIS 5
invention are effeotlve In reducing the strength of ice in
assomatlon with coal and metal surfaces.

TABLEI
| ~ No. of | Adhes'is_re strength 10
Example specimens. tested (psi)
Control A 16 90.9
Control B - 20 516
b 4 3.9 o
5 4 17 15
3 4 1.2
4 4

2.3

. In the followmg Controls and Example, ¢ elean steel 20
| prepared as desertbed above, was used as the test Spec1—
‘men.

CONTROL C

A 4>(4><% lnch “elean” steel plate was prepared and
~tested as described in- the Preparation and Testing of
Specimens, supra The surface of the steel plate was not
- treated with any addltwe | o

~ The adhesrve strength is set forth in Table II. The 30_
" numerical value of the adhesive strength is the average

. of the number of speolmens tested and is set forth in
- Table II

25

CONTROL D

The 'proeedure of Control C was 'exaetly repeated
except that the steel plates were treated with 3.6
| grams/ft 2 of kerosene. |

The results are shown in Table II

EXAMPLE 5

40
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- of the fatty acid.

6
TABLE ll-continued
No. of Adhesive strength
Example specimens tested (psi)
5 | 8 1.1

~ What is claimed is: | |

‘1. A method for reducing the strength of adhesion of
solid particulate materials to metal surfaces as occurs
under water freezing conditions by coating the metal
surfaces to be in contact with the particulate material
with a mixture comprising a hydrocarbon liquid, which
has a solidification or pour point not greater than 0° F.,

- and a saturated or unsaturated fatty acid having from
about 10 to about 18 carbon atoms.

2. A method as defined in claim 1, Wherein the solid

particulate material comprises coal.

3. A method as defined in claim 1, wherein the hydro-

~carbon liquid is selected frorn No. 2 fuel oil, diesel oil,

kerosene or turbo fuel. |
4. A method as defined in olann 1, whereln the fatty
actd 1s oleic acid.

5. A method as deﬁned 1n clalm 1, whereln the fatty'

-aeld 1S llnolete acid..

6. A method as deﬁned 1n clalm 1 wherern the mix-

- ture contains from about 25 to about 95 weight percent
- of the hydrocarbon liquid.

7. A method as defined in claim 6 ‘wherein the mix- .-

‘ture contains from about 75 to about 90 welght percent |
“of the hydrocarbon liquid. |

8. A method as defined in claim 1 wherein the mix-

~ ture contains from about 5 to about 75 welght percent of

the fatty acid.
9. A method as deﬁned in elalm 1 whereln the mix-
ture contains from about 10 to about 25 welght percent

10. A method for reducing the strength of adhesion of
solid particulate materials to metal surfaces as occurs
under water freezing conditions by coating the metal
surfaces in contact with the particulate material with a

mixture comprising from about 75 to about 90 weight
percent of a hydrocarbon liquid selected from No. 2

. fuel oil, diesel oil, kerosene, or turbo fuel, and from

- The proeedure of Control C was exaotly repeated
| _except that the steel plates were treated with 3.6 45

gralns/ ft.2 of a mixture of 90 percent of kerosene and 10
percent of oleic acid. | |

The results are shown n Table II |
| | 50

TABLE 11T
| | S No. of - : Adhesisfe st-rength |
~ Example’ . specimens tested - (pst)
Control C 12 643
Control D 12 84 55
60
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coal.

about 10 to about 25 welght percent of a fatty acid.

11. A method as defined in claim 10 wherein the
hydrocarbon liquid is kerosene. -

12. A method as defined in claim 10 wherem the fatty

“acid is oleic acid.

- 13. A method as defined in clalm 10, ‘wherein the

“hydrocarbon llquld 1S kerosene and the fatty acid is oleic

acid.

14. A rnethod as defined in claims 10 or 11, or 12 or
13 wherein the solld particulate mater1al comprlses

% %k %k % Kk
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